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Abstract of JP2000323785 

PROBLEM TO BE SOLVED: To provide a device and 
method for controlling semiconductor module by which the 
variation of the oscillating wavelength of a semiconductor 
laser caused by temperature fluctuation can be prevented, by 
controlling the temperature of the laser so that the actual 
temperature of the laser may be fixed even when the driving 
current of the laser increases due to the deterioration of the 
laser. SOLUTION: A controller for semiconductor laser 
module is provided with a current quantity detecting circuit 1 1 
which is connected to a light output stabilizing circuit that 
controls the driving circuit of a semiconductor laser based on 
the output of a photodiode 2 which detects the intensity of the 
output light of the laser, and a temperature control circuit 
which drives an electronic cooler that cools the laser based on 
a thermistor 6 installed to the vicinity of the laser and detects 
the driving current outputted from the light output stabilizing 
circuit. The controller sets the driving current of the electronic 
cooler so as to fix the actual temperature of the semiconductor 
laser by comparing the measured data of the actual temperature 
of the laser with respect to the driving current of the laser, the 
information on the driving current of the laser outputted from 
the circuit 11, and temperature information outputted from the 
thermistor 6. 
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[0002] The present invention relates to an apparatus and method for controlling a semiconductor laser module. 
BACKGROUND OF THE INVENTION 

[0003] The explosive popularization of the Internet has been accompanied by a remarkable mcrease in transmission cap* 
needed for backbone systems. The importance of high-density wavelength multiplexing optical-fiber transmission in ten 
raising transmission capacity is growing and semiconductor lasers used in such optical-fiber transmission require both st 
optical power and wavelength. 

[0004] Conventionally, semiconductor lasers used in such fields as optical communications and optical measurement em 
in two directions. The light in one direction is sensed by a photodiode and the driving current of the semiconductor laser 
controlled so as to render constant the amount of current through the photodiode, thereby stabilizing the light emitted in 
other direction. This makes it possible to exercise control to increase the driving current of the semiconductor laser and 1 
strength of the output light constant even if the semiconductor laser deteriorates with time. 

[0005] Owing to the passage of driving current through the semiconductor laser, the temperature thereof rises and the re1 
index of the semiconductor laser element increases, thereby causing the lasing wavelength to shift toward the long-wave 
side. A method often employed to solve this problem includes disposing a thermistor on the carrier of the semiconductor 
sense temperature and cooling the semiconductor laser by an electronic cooling device using a Peltier element. 
[0006] An apparatus of this kind for controlling a semiconductor laser module will be described with reference to FIG . 3 
[0007] FIG. 3 is a block diagram illustrating an example of the prior art in which an automatic power control (APC) circ 
and an automatic temperature control (ATC) circuit 5 are connected to a semiconductor laser module. 
[0008] The APC circuit 4, which is for rendering constant the optical output power of a semiconductor laser 1, will be dt 

[0009] The semiconductor laser 1 emits laser beams from both ends in directions extending to the right and left in FIG. 2 
Backward-emitted light 8 on the right side is used to exercise control in such a manner that the output power of forward- 
light 7 on the left side is rendered constant. The backward-emitted light 8 is received by a photodiode 2 and photoelectri. 
converted to a monitor current 10, which is then input to the APC circuit 4. The latter controls a laser driving current 9, > 
output to the semiconductor laser 1, so as to render the value of the monitor current 10 constant, thereby rendering const 
forward-emitted light 7. In other words, the laser driving current 9 is control led in such a manner that the intensity of tin 
light is rendered constant regardless of the wavelength of the laser emission. 

[0010] The ATC circuit 5 for controlling the temperature of the semiconductor laser 1 will be described next. 
[001 1] A thermistor 6 is placed on the carrier in close proximity to the semiconductor laser 1 in order to sense the tempe 
the semiconductor laser 1. The ATC circuit 5 senses the resistance value of the thermistor 6 and passes a driving current 
an electronic cooling device 3 in such a manner that the resistance value attains a reference resistance value, thereby hol< 
temperature of the semiconductor laser 1 constant. 

[0012] More specifically, the ATC circuit 5 passes the driving current 12 through the cooling device 3 m a direction that 
the thermistor 6 if the temperature sensed by the thermistor 6 is higher than a set temperature, and passes a current mad 
that heats the thermistor 6 if the temperature sensed thereby is lower than the set temperature. The ATC circuit 5 control 
temperature in such a manner that the value of the passed current increases if the difference between the sensed temperal 
the thermistor 6 and the set temperature is large and decreases if the temperature difference is small. Thus, the ATC circi 
exercises control in such a manner that the temperature of semiconductor laser 1 remains constant independently of the c 
output power of the semiconductor laser 1, i.e., independently of the magnitude of the laser driving current 9. 
[0013] Accordingly, the APC circuit 4 controls the laser driving current 9 in such a manner that the monitor current 10 o 
photodiode 2 remains constant even if a change in the temperature of the semiconductor laser 1 is accompanied by a cha 
the wavelength characteristic of the output light. The APC circuit 4 thus operates so as to hold the intensity of the output 
constant. On the other hand, the ATC circuit 5 causes the cooling device 3 to operate independently of the APC circuit 4 
the temperature of the semiconductor laser 1 constant, regardless of the magnitude of the laser driving current 9, if the 
temperature of the semiconductor laser unit varies. 
SUMMARY OF THE DISCLOSURE 

[0014] However, the following problems have been encountered in the course of investigation toward the present invent 
Namely, the conventional control apparatus of this construction for controlling a semiconductor laser module has a certa 
drawback relating to a shift in wavelength. Specifically, when the semiconductor laser 1 begins to age, the lasing threshc 
value current increases and there is a corresponding increase in the laser driving current 9 for obtaining the desired optic 
output power, the actual rise in the temperature of the semiconductor laser 1 and the reading (value) of the temperature r 
thermistor 6 are no longer the same owing to the existence of a thermal resistance between the semiconductor laser 1 am 
carrier part on which the thermistor 6 is placed. Even if the temperature of the thermistor 6 is held constant, therefore, th 
semiconductor laser 1 assumes a temperature higher by an amount commensurate with the value of the thermal resistanc 
result of this higher temperature, the lasing wavelength of the semiconductor laser 1 is shifted toward the side of longer 1 
wavelengths owing to a change in index of refraction. 

[0015] This problem associated with the rise in the temperature of the semiconductor laser 1 that accompanies the chang 
laser driving current 9 is particularly significant in high-density wavelength-multiplexing optical communication. The re 
that the change in wavelength accompanying the temperature rise of the semiconductor laser 1 causes crosstalk and a dei 
reception sensitivity, thereby degrading the transmission characteristics. 

[0016] Accordingly, an object of the present invention is to provide an apparatus and method for controlling a semicond 
laser module wherein even if laser driving current increases owing to aging of the semiconductor laser, temperature cont 
be performed accurately so as to render constant the actual temperature of the semiconductor laser and prevent a change 
lasing wavelength that accompanies a change in temperature. 

[0017] According to a first aspect of the present invention, the foregoing object is attained by providing an apparatus for 
controlling a (e.g., semiconductor) laser module, comprising: a laser (particularly semiconductor laser), an optical sensoi 
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sensing optical intensity of the laser; optical-power stabilizer for controlling driving current of the semiconductor laser ii 
accordance with an output from the optical sensor; a temperature sensor disposed in the proximity of the laser for sensin: 
temperature thereof; temperature controller for driving an electronic cooling device, which cools the semiconductor lasei 
accordance with an output from the temperature sensor; and a module of predicting actual temperature of the laser from 
information indicative of the driving current of the laser and temperature information output from the temperature sensoi 
[0018] According to a second aspect of the present invention, the foregoing object is attained by providing an apparatus 
controlling a (e.g., semiconductor) laser module, comprising: a laser (particularly semiconductor laser), an optical sensoi 
sensing optical intensity of the laser; optical-power stabilizer for controlling driving current of the semiconductor laser ii 
accordance with an output from the optical sensor; a temperature sensor placed in the proximity of the laser for sensing t 
temperature thereof; temperature controller for driving an electronic cooling device, which cools the laser, in accordance 
output from the temperature sensor; and a current-quantity sensor, which is connected to the optical-power stabilizer and 
temperature controller, for sensing the driving current of the laser output from the optical-power stabilizer; wherein data 
obtained by actual measurement of actual temperature of the laser in relation to the driving current of the laser is stored i 
temperature controller in advance, and the driving current of the cooling device is set upon comparing the data obtained 
actual measurement, laser driving current information output from the current-quantity sensor, and temperature informat 
output from the temperature sensor. 

[0019] According to a third aspect of the present invention, the foregoing object is attained by providing a method of coi 
a (e.g., semiconductor) laser module wherein driving current of a laser (particularly semiconductor laser), is controlled b 
optical-power stabilizer on the basis of an output from an optical sensor which senses optical intensity of the laser, and a 
electronic cooling device for cooling the laser is driven by temperature controller on the basis of on output of a temperat 
sensor placed in the proximity of the laser. The method comprises: previously storing, in the temperature controller, data 
obtained by actual measurement of actual temperature of the laser in relation to the driving current of the laser when the 
electronic cooling device is driven; comparing the data obtained by actual measurement, laser driving current informatio 
from the optical-power stabilizer and temperature information output from the temperature.sensor; and driving the electr 
cooling device of the basis of the comparison in such a manner that the actual temperature of the laser is rendered consta 

[0020] Other features and advantages of the present invention will be apparent from the following description taken in 
conjunction with the accompanying drawings, in which like reference characters designate the same or similar parts thro 
the figures thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] FIG. 1 is a block diagram schematically illustrating the construction of an apparatus for controlling a semiconduc 
according to a preferred embodiment of the present invention; 

[0022] FIG. 2 is a characteristic diagram in which laser module temperature is plotted against the value of laser driving c 
when lasing wavelength is held constant; and 

[0023] FIG. 3 is a block diagram showing the construction of an apparatus for controlling a semiconductor laser in accoi 
with the prior art. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0024] A preferred mode for practicing the present invention will now be described. 

[0025] As shown in FIG. 1, an apparatus for controlling a semiconductor laser 1 according to a preferred mode for practi 
present invention includes a photodiode 2 for sensing optical intensity of the semiconductor laser 1 ; an optical-power sta 
circuit 4 for controlling driving current of the semiconductor laser 1 in accordance with an output from the photodiode 2 
thermistor 6 placed in the proximity of the semiconductor laser 1 for sensing the temperature thereof; a temperature cont 
circuit 5 for driving an electronic cooling device, which cools the semiconductor laser 1, in accordance with an output fr 
thermistor 6; and a current-quantity sensing circuit 1 1, which is connected to the optical-power stabilizing circuit 4 and 
temperature control circuit 5, for sensing the driving current of the semiconductor laser 1 output from the optical-power 
stabilizing circuit 4. Data obtained by actual measurement of actual temperature of the semiconductor laser 1 in relation 
driving current of the semiconductor laser is stored in the temperature control circuit 5 in advance. The data obtained by 
measurement, laser driving current information output from the current-quantity sensing circuit 1 1 and temperature infoi 
output from the thermistor are compared (e.g., by data processing) and the driving current of the cooling device is set, bz 
upon the result of the comparison, in such a manner that the actual temperature of the semiconductor laser is rendered cc 
[0026] A preferred embodiment of the present invention will now be described in greater detail with reference to FIGS, 
in which FIG. 1 is a block diagram useful in describing the construction of an apparatus for controlling a semiconductor 
module according to a preferred embodiment of the present invention, and FIG. 2 is a diagram showing the relationship 1 
laser temperature and laser current. 

[0027] The construction of the apparatus for controlling the air semiconductor laser module according to this embodimei 
be described first. 

[0028] As shown in FIG. 1, the apparatus includes a photodiode 2 for sensing backward-emitted light from a semicondui 
laser 1 ; an APC (automatic power control) circuit 4 which, on the basis of a monitor current 10 from the photodiode 2, si 
the optical output power of the semiconductor laser 1 at a desired optical output power level; a thermistor 6 for sensing t 
temperature of the semiconductor laser 1 ; a cooling device 3 for cooling the semiconductor laser 1 ; and an ATC (automa 
temperature control) circuit 5 for controlling a driving current 12 of a cooling device 3. According to a characterizing fej 
this embodiment, the current-quantity sensing circuit 1 1 is connected to the APC circuit 4 and ATC circuit 5. 
[0029] Further, according to the characterizing feature of this embodiment, data obtained by actual measurement of the 
temperature of the laser in response to the driving current of the laser is stored beforehand in the current-quantity sensing 
11, which senses the value of the laser driving current 9, and this data is used to control the ATC circuit 5 to stabilize the 
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wavelength of the semiconductor laser 1 . „,;iik» 
[0030] The APC circuit 4, which is for rendering constant the optical output power of the semiconductor laser l, win oe 

r003i?The Semiconductor laser 1 emits laser beams from both ends in directions extending to the right and left in FIG. 1 
backward-emitted light 8 on the right side is used by the ATC a circuit 4 to exercise control in such a manner that the ou 
power of forward-emitted light 7 on the left side is rendered constant. The backward-emitted light 8 is received by the 
photodiode 2 and photoelectrical^ converted to a monitor current 10, which is then input to die APC circui : 4 The lattei 
controls the laser driving current 9, which is output to the semiconductor laser 1, so as to render the value of the monitor 
10 constant, thereby rendering constant the forward-emitted light 7. , r „„ ♦u,, 

[0032] Wavelength stabilizing module (the current-quantity sensing circuit 1 1 and ATC circuit 5) for controlling the wa> 
of the semiconductor laser 1 , which constitutes a feature of this embodiment, will be described next 
[0033] In the conventional apparatus for controlling a semiconductor laser module, the APC circuit 4 and ATC circuit 5 
control independently of each other and temperature is controlled, irrespective of the value of the laser driving current 9, 
a manner that the temperature of the thermistor 6 is rendered constant. Consequently, even when the semiconductor lasa 
the lasing threshold-value current increases and there is an increase in the driving current 9, the ATC circuit 5 operates u 
accordance solely with a reading (value) of the temperature rise of thermistor 6. 

r00341 However, there is thermal resistance between the semiconductor laser 1 and thermistor 6, and thus the actual van 
rise in the temperature of the semiconductor laser 1 does not correspond perfectly to the reading (value) of the temperatu 
at the thermistor 6. As a consequence, the actual temperature of the semiconductor laser 1 cannot be held constant with t 
conventional method and, hence, the lasing wavelength fluctuates owing to a change in the refractive mdex of the semic 

r00351 By contrast, in accordance with this embodiment, information indicative of the driving current 9 applied to the 
semiconductor laser 1 from the APC circuit 4 is output to the current-quantity sensing circuit 1 1. This information conce 
the driving current 9 is transmitted to the ATC circuit 5. The latter predicts the amount of rise m the temperature of the 
semiconductor laser 1 by referring to the actual-measurement data, which indicates laser temperature versus driving curr 
stored previously in this circuit. By comparing this predicted value with information representing the ambient temperatu 
semiconductor laser 1 sent from the thermistor 6, the ATC circuit controls the driving current 12 sent to the cooling devi 
such a manner that the actual temperature of the semiconductor laser 1 is rendered constant. 

[0036] The relationship between the driving current 9 of semiconductor laser 1 and temperature thereof stored m the A 1 
circuit 5 will be described with reference to FIG. 2. 

r00371 FIG 2 is a characteristic diagram in which laser module temperature is plotted against the value of laser driving c 
when lasing wavelength of the semiconductor laser 1 is held constant. The characteristic shown in FIG. 2 is measured in 
advance and then stored in the ATC circuit 5. Before the driving current 9 of the laser changes, the resistance value of th 
thermistor 6 is detected and a current is passed into the cooling device 3 in such a manner that the sensed resistance valu 
becomes equal to a reference resistance value, as a result of which the temperature of the semiconductor laser 1 is held c 
f00381 If the laser driving current 9 varies from an initial current value 10, the amount of change in the driving current 9 
sensed by the current-quantity sensing circuit 1 1 connected to the APC circuit 4 and this information is transmitted to th, 
circuit 5 On the basis of the characteristic (FIG. 2) measured previously, the ATC circuit 5 drives the cooling device 3 s 
vary the temperature setting of the semiconductor laser 1 from the initial laser temperature TO m response to a change in 
driving current 9. In the case of the characteristic shown in FIG. 2, the ATC circuit 5 drives the cooling device 3 so as to 
the laser temperature by l[deg.] C. if the laser driving current 9 rises by 10 mA from the initial value^ 
[00391 Thus according to the apparatus for controlling the semiconductor laser according to this embodiment, the laser c 
current 9 from the APC circuit 4, which holds the optical output power of the semiconductor laser 1 constant, is sensed t 
current-quantity sensing circuit 1 1 and information indicative thereof is transmitted to the ATC circuit 5. The latter com] 
information computed based upon the previously stored relationship between laser driving current and laser temperature 
the temperature information from the thermistoro and drives the cooling device 3 in such a manner that the actual tempei 
the semiconductor laser 1 is rendered constant. Accordingly, even if thermal resistance (i.e difference m temperatures) 
develops between the semiconductor laser 1 and the thermistor 6, the actual temperature of the semiconductor laser 1 cai 
controlled in an accurate fashion. This makes it possible to prevent a change in laser wavelength associated with a rise ir 
temperature of the semiconductor laser 1. 

r00401 Though this embodiment has been described in regard to a case where a semiconductor laser is used as the Ught-t 
element the present invention is not limited to this embodiment. Optical power and lasing wavelength can be stabilized 
simultaneously in the same manner even in the case of a laser module, e.g., an integrated semiconductor laser device obt 
integrating a light-emitting element and a modulator. Further, though the data representing the relationship between the ( 
current and temperature of the laser is stored in the ATC circuit 5 beforehand in the foregoing embodiment it goes with, 
saying that this data can be stored in the current-quantity sensing circuit 1 1 and a comparison can be made between the 
information concerning the APC circuit 4 and the information concerning the ATC circuit 5. 

T00411 Thus in accordance with the apparatus for controlling a laser module, (particularly, semiconductor laser module) 
according tothe present invention as described above, it is possible to stabilize both the optical output power level and 1; 
wavelength of a semiconductor laser. This can be achieved because of the operative association between the optical-po* 
stabilizing circuit, which stabilizes the output power of the laser at a desired output power level, and the temperature con 
circuit that controls the temperature of the semiconductor laser. The actually measured data indicative of the relationship 
between the driving current and temperature of the semiconductor laser is stored beforehand and the actual temperature « 
semiconductor laser can be control led based upon this data, information indicative of the driving current of the laser anc 
information indicative of the ambient temperature of the laser. _ . _ 

[0042] As many apparently widely different embodiments of the present invention can be made without departing trom 1 
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and scope thereof, it is to be understood that the invention is not limited to the specific embodiments thereof except as d< 
the appended claims. 

[0043] It should be noted that other objects, features and aspects of the present invention will become apparent in the enl 
disclosure and that modifications may be done without departing the gist and scope of the present invention as disclosed 
and claimed as appended herewith. 

[0044] Also it should be noted that any combination of the disclosed and/or claimed elements, matters and/or items may 
under the modifications aforementioned. 
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What is claimed is: 

[0045] 1. An apparatus for controlling a semiconductor laser module, comprising:a semiconductor laser; an optical sense 
sensing optical intensity of the semiconductor laser; optical-power stabilizing means for controlling driving current of th 
semiconductor laser in accordance with an output from said optical sensor; a temperature sensor disposed in the proximi 
semiconductor laser for sensing the temperature thereof; temperature control means for driving an electronic cooling de\ 
which cools the semiconductor laser, in accordance with an output from said temperature sensor; and means for predictii 
actual temperature of the semiconductor laser from information indicative of the driving current of the semiconductor la: 
temperature information output from said temperature sensor. 

[0046] 2. An apparatus for controlling a semiconductor laser module, comprising:a semiconductor laser; an optical sense 
sensing optical intensity of the semiconductor laser; optical-power stabilizing means for controlling driving current of th 
semiconductor laser in accordance with an output from said optical sensor; a temperature sensor disposed in the proximi 
semiconductor laser for sensing the temperature thereof; temperature control means for driving an electronic cooling de\ 
which cools the semiconductor laser, in accordance with an output from said temperature sensor; and current-quantity se 
means, which is connected to said optical-power stabilizing means and to said temperature control means, for sensing th< 
driving current of the semiconductor laser output from said optical-power stabilizing means; wherein data obtained by a( 
measurement of actual temperature of the semiconductor laser in relation to the driving current thereof is stored in said 
temperature control me means in advance, and the driving current of said cooling device is set upon comparing the data < 
by actual measurement, laser driving current information output from said current-quantity sensing means, and temperat 
information output from said temperature sensor. 

[0047] 3. A method of controlling a semiconductor laser module wherein driving current of a semiconductor laser is con 
by an optical-power stabilizer on the basis of an output from an optical sensor which senses optical intensity of the 
semiconductor laser, and an electronic cooling device for cooling the semiconductor laser is driven by temperature contr 
the basis of on output of a temperature sensor placed in the proximity of the semiconductor laser,said method comprising 
predicting actual temperature of the semiconductor laser from laser driving current output from said optical-power stabil 
temperature information output from said temperature sensor. 

[0048] 4. A method of controlling a semiconductor laser module wherein driving current of a semiconductor laser is con 
by an optical-power stabilizer on the basis of an output from an optical sensor which senses optical intensity of the 
semiconductor laser, and an electronic cooling device for cooling the semiconductor laser is driven by a temperature con 
on the basis of on output of a temperature sensor disposed in the proximity of the semiconductor laser, said method 
comprising: previously storing, in said temperature controller, data obtained by actual measurement of actual temperature 
semiconductor laser in relation to the driving current thereof when said electronic cooling device is driven; comparing th 
obtained by actual measurement, laser driving current output from said optical-power stabilizer and temperature informa 
output from said temperature sensor; and driving said electronic cooling device based on said comparison in such a mam 
the actual temperature of the semiconductor laser is rendered constant. 

[0049] 5. A laser apparatus comprising a laser controlling module, comprising:a laser unit; an optical sensor for sensing 
intensity of the laser unit; optical-power stabilizer controlling driving current of the laser unit in accordance with an outr. 
said optical sensor; a temperature sensor disposed in the proximity of the laser unit for sensing the temperature thereof; 
temperature controller for driving an electronic cooling device, which cools the laser, in accordance with an output from 
temperature sensor; and a circuit predicting actual temperature of the laser unit from information indicative of the drivin; 
current of the laser unit and temperature information output from said temperature sensor. 

[0050] 6. A laser apparatus of claim 5, wherein said laser unit comprises a semiconductor laser. 

[005 1 ] 7. A laser apparatus comprising a laser controlling module, comprising:a laser unit; an optical sensor for sensing 
intensity of the laser unit; optical-power stabilizing circuit controlling driving current of the laser unit in accordance wit! 
output from said optical sensor; a temperature sensor disposed in the proximity of the laser unit for sensing the temperati 
thereof; temperature control circuit for driving an electronic cooling device, which cools the laser unit, in accordance wii 



file://C:¥Documents and Settings¥p8748¥My Documents¥EPOV3¥JP2000323785.... 2006/02/21 



JP2000323785 



6/6 ^— V 



output from said temperature sensor; and current-quantity sensing circuit, which is connected to said optical-power stabi 
circuit and to said temperature control circuit, for sensing the driving current of the laser output from said optical-power 
stabilizing circuit; wherein data obtained by actual measurement of actual temperature of the laser unit in relation to the 
current thereof is stored in said temperature control means in advance, and the driving current of said cooling device is s 
comparing the data obtained by actual measurement, laser driving current information output from said current-quantity 
circuit, and temperature information output from said temperature sensor. 

[0052] 8. A laser apparatus of claim 7, wherein said laser unit comprises an integrated semiconductor laser. 

[0053] 9. A method of controlling a laser module wherein driving current of a laser is control led by an optical-power ste 
means on the basis of an output from an optical sensor which senses optical intensity of the laser, and an electronic cooli 
device for cooling the laser is driven by temperature controller on the basis of on output of a temperature sensor placed i 
proximity of the laser,said method comprising: predicting actual temperature of the laser from laser driving current outpi 
said optical-power stabilizer and temperature information output from said temperature sensor. 

[0054] 10. A method of claim 9, wherein said predicting actual temperature of the laser is performed by comparing said 
driving current output and said temperature information output, both preliminarily stored in a store device. 

[0055] 1 1. A method of claim 10, wherein said store device comprises a temperature control circuit for controlling said c 
device. 

[0056] 12. A method of claim 10, wherein said temperature further controls circuit temperature of said temperature sens* 

[0057] 13. A method of claim 10, wherein said store device comprises said temperature control circuit for controlling sai 
cooling device. 

[0058] 14. A method of claim 10, wherein said store device comprises a current sensor for said laser driving current. 
[0059] 15. A method of claim 9, wherein said laser comprises a semiconductor laser. 

[0060] 16. A method of controlling a laser module wherein driving current of a laser is control led by an optical-power s 
on the basis of an output from an optical sensor which senses optical intensity of the semiconductor laser, and an electroi 
cooling device for cooling the semiconductor laser is driven by a temperature controller on the basis of on output of a 
temperature sensor disposed in the proximity of the semiconductor laser, said method comprising previously storing, in ; 
temperature controller, data obtained by actual measurement of actual temperature of the semiconductor laser in relation 
driving current thereof when said electronic cooling device is driven; comparing the data obtained by actual measuremei 
driving current output from said optical-power stabilizer and temperature information output from said temperature sens- 
driving said electronic cooling device based on said comparison in such a manner that the actual temperature of the 
semiconductor laser is rendered constant. 
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Automatic Temperature Con 
tro 1 ) ®S&Z¥mftl— F^iSz.-MzmffiLtim 

[0006] t-r . ^Ni*u— if i <03eaj**-£t:-f 

5APC®8&4t:ov^SiWS. if 

tffls»f^aist3i£ 8 1± . ^(Bi£7)i?^raj*f3te 7 com**j- 

*f3fe8{i. 7* h^*-K2T^3te$il. 
1 0 (C3t«^ft$ix^f*A P C ^A* . A 
P C 0SS4 -Cti, *-?mgSE 1 0 coffi^'-^fc^S i 3 
t^ftl,- -f i ^aj^J-TS ^-ifOiEK«»g9 SrMflf 
LT, Ha^-ajW3te7^-^(^4J:d^tTV^„ "T^r 

h-h. is-v&Kftn&mzmfr^rjmmw-mz* 
s<td if <r>mm%& 9 &mm lx v *s . 

[ o o o 7 ] ^f*cu-if 1 coiagsqps-fi 5 a 

TC0S&5{COV^-riaBW-S. if-SX^6ti. 
U~if 1 oagSr^aj-rs^sbtc^ftl^-if 1 iS^co 



I 

■I 

t 
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[00 083 -f ^-$X?6T'8?*n$fx*:i&£ 

s 7 ksbuvxi 1 2 $• l , ittc , ^ 

aag^'IS^ag <k 0 ffiv ^^-(cJi . -f - $ * ? 6 £ Jo 

mwrnvi 9 co^jn t immmuz , ¥##1-— ri 

[00 0 9] tsl^T, APC0SS4-C<i:, f 
1 OiSJ^Yt(cf#v LX i . 7 
=r h y<< Jf- K 2 O^r^mSS 1 0 J: o l>z 

®mmM9*®mLx. mjjftn&mz-mz&^xo 
'M^re^-r , a p c iE]ffS4 a 

[00 10] 

(i . #»«ci^— (f 1 m;^ LtMbxim l £ v 

SrlSS-rS^-r U Tgfrfrk^aSttl'-lF 1 k coiffllciiSft 
k. -9--SX^6£7)aK±#fg^li:{i|5ltT'{4^<. 

is-^i<vi^i±fmmcoftt£im\,*vtmiz%*). -eco 

[00 11] ^^id^r, IBi&m8S9<o^t;:f#d¥« 

a^— ficr>i$j£±.m±. mz. m®mm%§>mx,mm 
£ft-ox^&m&izi±*:£%mmx'h') . -r^^tfc^ 

-if l ^>aS±#fc# 3 IfcJtXftJi , ?o^h-m 
[00 12] *&Piii, itBffia^K^TS: 
-1f<o||[gc73iaJK*<— felzteh X 0 iziEmizi&gfflW 



i££*Kft-t£.Ik 
[00 13] 

&$sfrt><7>iiijiiz& 9 mriB^^u— mmmmzizm 

, taie^ftu-irjfieftcR 

)iwmmmzt> v . fri B¥*tt u— 

«k, HJIBiaK^ai*l*^til^S^I>aKfflfSk*^, 

t <7)T'$> s . 

[0014] *iswti. m2(om^i l zt3^x , 

k . K3Kttaj»3&»4.»aj*»=J: OWE****!'— !f<^K 

ttmsESrSijffli-rs^ai^s^b^Sk . iuib^^l— 
•fifi^^RS$^i»2as^ajSk . Kaffi^m§5*^o 
aj^^j: ofriB^f*:^— FZttW-t&nTftmniszm 
mt&mi®m^®t , k £>*-ts*3sfti— 

iBas$fJt9¥Sktciti^$n, BuiB^s^a*^i±5 

^tl. mriBiajs$ijffli^a(:<i. mmmmmzttt 
h fjiB¥««s p — r on^iajg $• usa t ^ x - ^ s- ^ 

[0015] #&HJfci. fll3^)«jSt=*i^T. ^ftcP 

—r^^-fumm^m^mm-r^. mum*. *m 

a^ias«ip^s-rfiiB^#f*:u— irtjww**^ 

v^t. frf am-? ^a^s zmsttz tcts l , 8?!EiaK$iJffli 
^mzv-^nwmmmzn?hmU i mw\'-<f<7)m 

k. MiB5t^-(t¥a*^ai^$tti»i-— f<Dwmm. 

k. Hff!Bia«^aifl*^tii^$ii?»jajg+ff^k$rit©?i 
mt. HtrfB¥^^l^-^lliSoaK*i-^tc=5rl. X 0 

izimm^ftimzmmth i>v>xhh . 

[00 16] 

ifigf^u— tf (iai<oi ) fc, rcomu&z 



* 
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mate j: o^w(cw-iftf5iBiwa[*«i«^-43taja3e 

(01(7)4) ¥3*f*^-1fjfi»fc:KK$*l. 
£-»f-$X:?i:. ■9--5X 2 5'3&»4><oaj*(ci:0¥#«sW 

1 <T> 5 ) fc . £B&fgff[iI0ft£ (CSSR$ 

aj-r&msii*8!aiiH]g& (iiom mm 
* t . €eSE»$ai nm*» ^ as a $ #i i i' — r ^igi&mss 

[00 17] 

2ZmmLxaTlzffl l Rt6. 1111 *^BJW-HSfi 
Mlzffi * #^ffr P — if ^' jl -ytfMffllgBwfilig; Sr t&BJI 
•t&tztb&yuyfmzb*) . 1211 U—fiS&tU 

[0018] H 1 2r#HSLT . *#5ltf>-S«fcW 
{c^S if* i^' A -;HB«KB v >T 

t&BJi-f 4 . 3(s||J6^J(0^#: V -if* ^* » -/PiW»§|g 
ML *NI*u— if l k % tf l oflfcfirm*fM£* 

^^-^mggi o t> t tc^^ix— »f i rajas' 

Bfa^^ffiaKMc^'ft^-iir^^ttJ^^^t; (AP 
C) 0K4i:. ¥*ftl— if l^ag^^aj-r^Hf-s 

6 i: . ztmms—f i £^airi>m^ip§§3 , & 

( ATC ) HI8&52:*U Wc, APCH]SS4i:ATC 

®s&5 1 £Stt3*i*«SHMftttjiiift 1 1 ^^rrs . 
[0019] xmMMTit. zco^mfais-? i comm 

«8£9coffi$r^tli-r§«»Pia^aJI5IS&l lfcl— if^gg 
Iftma^m-S ifOfiJgSrliaOL^T-^Sr^ie 
ff$-ti\ >TOx-^2:IBV'>TATC|IIS&5^Mffll-r-&C: 
t (c J: 9¥#fl^-if 1 <r&MWM&m%ft£m& Z t 

[0020] *r , ^»*^-if^3tma^-^c-n. 

APCHIK4(cov.T^Bj^i ) „ ^*l^-if 1*^(4 

nj<7)f^^ai»t3t8 «iS(i!icoBri*aj»3t7 »ma3&*-3etc 

3:3> i 5 (c-f-* A P C 0g&4 fcflEffl . ffcfrffiStft 

8(4, 7* h^3f-K2T-S3K$ii, %^?1E8K10 

t*«^S§nTAPCIUS|4(cAa$ix.S. 

g£ 1 0 COffi**— ^SrS i 3 A P C d]g&4 -f^ftl^ 

-if 1 ^OKEiWsS 9 SrSMffl LT . M*a#fete 7 
[002 1] **S6Mi0#flST'$>S^*l^-if 

i«»«iwfi*ff a*«3cSfl:*a (msasiajiiiKi 



l&t>'ATCIU8&5) (COV^TSi^S. ffcfcO^zSEfo: 
P-lf^E^a— ;HJWSiatC«, APC[Ug&4i:ATC 

EIK5li«i&LTlW»3*i , C;&D. ¥S*L— if leott 
»«Sg9i0fflfcMi5^'r. -<f-$x* 6 «*&£**-$£(;: 
3 L*0*4. ¥S*l--if 

l #s£tt LT5HSL# v ^maS^iiJu t . ^IWsS 9 

[0022] tZ^fiK ^##U— if 1 tnf-5X^6 
fc<OlBtl±SS«tii3& J *0, if lcoH^aK 

u-if l oJHJf *^kfc: J; TSE-fb LT L 2 

[002 3] c:*U;:*tU *HM0"J<o^(i , apcb 
SS4*^tfO^#:l/-if 1 ^<7)IBI6«SS9^t»fB{±m»£ 

»^aj hiss 1 1 izmti %ix& . £ oiabra 9 cofs$B{i 

ATCESS5^gS§^. ATCSBS-Ctt^fftaEttS 
*utWBHtai[(c*«-& if cOjIJKcoHax - ^ Sr#B§ 
LT¥3M*:U-if l<^iag±#i^^a|-rs„ 

cico^aiiffi i: -9-- s x ^ 6 t>ii&¥mfcu-f 1 

-if 1 nmmcoTMiWfi-mztch j; a c^^ais 3 £ 
ii-g-iigismM 1 3 zmwth . 

[0 0 24] C£T\ ATC 0g& 5^46^18$^^ 
»«cp-if l Oig|W3iE9 fc?SJSi:coMffi&02 ^#fi5 

t-CiMBJ-r^. 02(4. ^Nlflcu- if 1 <05&lfiifcg£- 
ffiK Lst*&(c*J »t & l^-if IBI&mSSEffifctt-rs U— if 

U ATC0S&5tfS1iLT*3<„ iftfOiE»«oS9 
«^9lff 3 fctci-^Ts ^##:P-if 

[0025] i—imwmm. 9 ^tMmsttf 1 0 

-ftiLJt*^«4. APCHIIf§4(cS?Mt/i«gri*^ai[H| 
851 ltJ:-5T«BB«a[9<^6{k«*«tajL. -e^tfffg 
5:ATC[lIK5lC^-ri>. ATCW5tlifftIS 

#fti/~if 1 eozasi^ffi^wfflL— ifjaST 0 *»4>^ 

-fb$-frl>J: atCATCHlSS5S:|g»$ii:S„ H2 0WH4 
fiaj^{f, l^-iflglW5S9*«ffi*^l 0 m 
AiiJnt?t*^{4, 1-- ifi£Jg£ l*CffiT$-yr§ 

[0026] <r<?) i 5 C ffflW 

mmx-ii. ¥mfa]s—fi<7)Xiiij}$:~mz&r>APc 
0SS4 *>^>oi^- -mmmrn. 9 ^m^mmmm^ 1 1 x- 

^tBt. -5-Off^S:ATCII]8S5twfE»L. ATC0SS 

5-rii. "fihwmLtzv- -fcommm^t^^mmz 
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—f%i-g : cr>%ltZm±-f& Z b 4 . 
[00 27]^. #0U60ijT'te, ^t^h LT¥*£ 

4 i fc a*T§ 4 . p-irarattiKaEfc&ftfcaN 

fl( Sr jjrf r - * «• A T C ESS 5 f=TO>l 4 I 
**, T-*iittaUM*UJIIlKl ltclEtttT. APC0 
8S4 <0flH8t AT C [hIK 5 OflNR&#ag LT t 

[00 28] 

[oo29] -e<oa*ti, *fMB©iNiflcp— rmmm 



4. 

[02] ttzLlsmA*). U-fMS 

[H3 ] fi£3|«04^l^-1f»J»l6aw«ja^5H-^o 
•y:?l2T&4. 

1 ^^l^-if 

APC (£Hi:ft££ft) DBK 
ATC (r8J£fflW) ess 

u— 



2 
3 
4 
5 

6 
7 
8 
9 

1 0 

1 1 msSEfi&JttlUSS 
1 2 VHMHMUmSE 



II 



[HI ] 



[03] 



9:9B33 — i 




n.-vitfttfaas 



5:a&&Jt)(ATC)3S 




9; ffifiQS — ^ 

1:«M*I/-'V 
7; ITOfittHft 



id 



8 aTTdSMt: 



• 3;«»fflH 



1 — i2;Kto<a 




2; 7* F 







6; *S 
3; a^flJB 




12;ffifi)«ffl 



5; asrftiJPCATOtg^ 
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[02] 




